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Abstract

This study evaluated the influence of edible cricket flour (ECF) on the quality param-
eters and sensory characteristics of wheat bread (WB), including the formation of
volatile compounds (VC) and their relationship with emotions (EM) induced for con-
sumers. ECF reduced dough pH, redness, and yellowness. At 5%, ECF increased the
porosity of WB (by 7.87%). The quantity of ECF significantly affected WB's specific
volume (p = .030), porosity (p = .0001), shape coefficient (p = .0001), and mass loss
(p=.023). All WB with ECF had a more intense color and additive odor. Bread samples
with 10% and 15% ECF had more intense overall, additive, acidity, and bitterness fla-
vors. However, all WB had similar overall acceptability (OA) and no correlations were
found between OA and VC. The EM “happy” and “sad” were expressed more intensely
for WB with 15% ECF, and significant correlations were established between the EM
“happy” and separate VC. The main VC in WB were ethanol; 1-butanol and 3-methyl;
1-hexanol; estragole; and hexanoic acid. Finally, 5% ECF could be incorporated into
the main WB formula without having a negative impact on bread quality. Also, ECF
influences VC formation, and separate VC could be related to emotions induced for

consumers.
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1 | INTRODUCTION

The world's population is expected to reach 9.7 billion by 2050, in-
creasing the demand for high biological value protein produced in a
sustainable manner (United Nations, 2015). For this reason, the food
industry has started to focus on sustainable protein sources, and in-
sects have become a potential stock for the food industry. Insects

are a traditional food in many countries (van Huis et al., 2013).

Despite the fact that the European Union (EU) brought into force
Regulation (EU), 2015/2283, recognizing insects as novel foods,
there is no tradition of including insects in the diet in Western and
Northern countries (Regulation (EU), 2015). The major obstacles to
the low consumption of whole insects as food in these countries
are identified as neophobia, disgust, and nonacceptance (Caparros
Megido et al., 2016). However, the consumption of edible insects as

ingredients in traditional food has become more and more popular
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(Cappelli et al., 2020; De Smet et al., 2019; Gonzélez et al., 2019;
Scholliers et al., 2019). Nowadays, there are many food products
and beverages on the market (e.g., cinnamon choco-chip seasoned
roasted crickets; mini-kickers set: savory flavored roasted cricket
snacks; and crickets by the pound chocolate coffee), which are based
on insects and (or) include edible insects as ingredient.

Wheat bread is the most popular food product around the world,
and its enrichment with edible insect flour, as an ingredient, could
be a good solution to improve the population's diet with high-value
protein. In addition, taking into consideration that bread is a staple
food, this product must be well balanced from a nutritional point
of view (Vatankhah et al., 2017), and bread enrichment with valu-
able ingredients can assist to reduce the challenge of malnutrition
(Chinma et al., 2020). However, the incorporation of edible cricket
flour into the main bread formula can lead to various changes—
desirable (improved nutritional value) and undesirable (lower ac-
ceptability, lower porosity, etc.). Also, edible cricket flour can lead to
changes in the bread's volatile compound (VC) profile because of the
high quality of proteins that are involved in VC formation reactions
during the bread making (e.g., fermentation) and baking processes.
Odor is a very important sensory characteristic, which depends on
the overall acceptability of the product, as well as emotions induced
for consumers.

The aim of this study was to evaluate the influence of edible
cricket flour on the quality parameters and sensory characteristics
of wheat bread, including the formation of VC and their relationship

with emotions induced for consumers.

2 | MATERIALS AND METHODS

2.1 | Materials used for bread preparation

Wheat flour (type 812C, falling number 315s, gluten 30%, and ash
0.74%) obtained from Kauno Grudai Ltd. mill (Kaunas, Lithuania)
was used for the wheat bread (WB) preparation experiment. The
WB samples were prepared without and with the addition of edible
cricket flour (5%, 10%, and 15%). Edible cricket flour was provided
by Bugsandus Ltd. (Vilnius, Lithuania). Cricket flour composition is
as follows: protein 62.6%, fat 26.5%, ash 3.8%, moisture 2.0%, satu-
rated fatty acids 8.7%, total carbohydrates 5.1%, sugars <0.6%, and
salt (sodium x 2.5) 0.69%.

2.2 | Bread preparation

The WB formula consisted of 1 kg of wheat flour, 1.5% salt, 2%
fresh compressed yeast, and 56% water (control bread). Control
WB samples were prepared without the addition of edible cricket
flour. The dough was mixed for 3 min at a low speed and then for
7 min at a high-speed regime in a dough mixer (KitchenAid Artisan,
Ohio, USA). Then, the dough was left at 22 + 2°C for 12min re-
laxation. Next, the dough was shaped into 350g loaves, formed,
and proofed at 30 + 2°C and 80% relative humidity for 60min.
The bread was baked in a deck oven (EKA, Borgoricco PD, Italy) at
220°C for 25 min.

2.3 | Evaluation of bread quality parameters

After 12h of cooling at 22 + 2°C, WB samples were subjected to
analysis of specific volume, crumb porosity, shape coefficient, mass
loss after baking, crust and crumb color coordinates, sensory char-
acteristics and overall acceptability, emotions induced for judges by
the bread, and VC profile.

Bread volume was established by the AACC method
(AACC, 2003), and the specific volume was calculated as the ratio
of volume to weight. Bread crumb porosity was evaluated by LST
method 1442:(1996) (LST, 1996). The bread shape coefficient was
calculated as the ratio of bread slice width to height (in mm). Mass
loss after baking was calculated as a percentage by measuring loaf
dough mass before baking and after baking. Crust and crumb color
parameters were evaluated using a CIE L*a*b* system (CromaMeter
CR-400, Konica Minolta, Japan; McGuire, 1992). Sensory character-
istics and overall acceptability of the slices of bread were carried out
by 10 trained judges according to ISO method 8586-1 (I1SO, 2012)
using a 140mm hedonic line scale ranging from 140 (extremely like)
to O (extremely dislike).

The slices of bread also were tested by applying FaceReader
8.0 software (Noldus Information Technology, Wageningen, The
Netherlands; Figure 1), with a scoring scale of eight emotion pat-
terns (neutral, happy, sad, angry, surprised, scared, disgusted, and
contempt). The whole procedure is described in detail by Bartkiene,
Jomantaite, et al. (2021a) (Figure 1). For statistical analysis, the max-
imum values of the facial expression patterns of the respective sec-
tions were used.

‘ Bread samples .:> The judge ‘:>‘ Computer with camera

Noldus FaceReader
software

’ Standard sensory analysis ‘

Expression Summary T=I=T

Settings ~

No Results

Other

FIGURE 1 Analysis of the emotions
induced by the bread using FaceReader

Expression Intensity Talx

software (Noldus Information Technology,
Wageningen, the Netherlands), and
= further scoring the eight emotion
w: patterns: neutral, happy, sad, angry,
sares surprised, scared, disgusted, and
o contempt.
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The VC of the bread samples were analyzed by gas
chromatography-mass spectrometry (GC-MS) as described by
Bartkiene, Mockus, et al. (2021b). A solid-phase microextraction
(SPME) device with Stableflex™ fiber coated with a 50pm PDMS-
DVB-Carboxen™ layer (Supelco, USA) was used for analysis. A
whole slice of bread was weighed and blended with aqueous so-
dium chloride solution (30% w/v) in a ratio of 1 g of bread to 3 ml
of NaCl solution. For headspace extraction, 8 g of prepared sample
was transferred to the 20 ml extraction vial, sealed with a polytet-
rafluoroethylene septum, and thermostatted at 60°C for 15min
before exposing the fiber in the headspace. The fiber was exposed
to the headspace of the vial for 10 min and desorbed in an injec-
tor liner for 2 min (splitless injection mode). Prepared samples were
analyzed with a GCMS-QP2010 (Shimadzu, Japan) gas chromato-
graph and mass spectrometer. The following conditions were used
for analysis: injector temperature 250°C, ion source temperature
220°C, and interface temperature 260°C. Helium was used as car-
rier gas at 0.95ml min! flow rate. A Stabilwax-DA capillary column
(0.25mm ID, 0.25 um film thickness, and 30 m length [Restek, USA])
was used for analysis. The temperature gradient was programmed
from the start at 40°C (3 min hold) to 220°C (6°C min™}) up to 250°C
(10°Cmin’; 6 min hold). The VC were identified according to mass
spectrum libraries (NIST11, NIST11S, and FFNSC2).

2.4 | Statistical analysis

The results were expressed as the mean values (for dough and bread
samples n = 3; and for bread sensory characteristics, overall accept-
ability, and emotions induced for trained judges n = 10) + standard

error (SE). In order to evaluate the effects of different quantities of

TABLE 1 Dough acidity parameters and color characteristics

Acidity parameters

edible cricket flour on WB quality parameters, data were analyzed
by one-way ANOVA and Tukey HSD tests as post hoc tests (statisti-
cal program R 3.2.1). Also, Pearson correlations were calculated be-
tween various parameters, as well as between the separate VC and
overall acceptability of the bread, and between VC and the emotion
“happy” induced for judges. The results were recognized as statisti-
cally significant at p <.05.

3 | RESULTS AND DISCUSSION

3.1 | Influence of edible cricket flour on dough
acidity parameters, color characteristics, and
hardness

Dough acidity parameters and color characteristics are given in
Table 1. The lowest pH and TTA were established for the doughs
prepared with 10% edible cricket flour (13.3% and 52.0% lower, re-
spectively, in comparison with control doughs). A very strong posi-
tive correlation was found between dough pH and TTA (r = .8510,
p = .0001). The positive correlation between dough acidity param-
eters (pH and TTA) can be explained by proteolysis, which can lead
to the formation of alkaline compounds and the neutralization of
dissociated acids in dough. Also, volatilization of small molecular
acids during the process is possible. As well as that, the incorpo-
ration of proteinaceous ingredients (e.g., edible cricket flour) in
the main bread formula can lead to more free amino acids being
released into the medium, and this can contribute to more effec-
tive yeast growth. In addition, amino acids take part in the Maillard
reaction and can lead to a more intense odor, as well as color, of
the product.

Color characteristics

Dough samples pH TTA, °N
Control 5.62 +0.10° 20.1 +£1.3°
Cr-5% 5.32 +0.07° 11.2 +0.3°
Cr-10% 493 +0.11° 9.65 +0.50°
Cr-15% 5.32 +0.04" 11.2 +0.5°

L* a* b*

78.6 +2.4° 1.53 +0.05° 21.8 £0.4°
79.7 +0.5° 2.34 +0.30° 23.5 +0.4°
77.6 £2.0° 3.33 £0.15° 24.8 £0.2°
79.7 +0.5° 2.34 +0.15° 23.5 +0.5°

Influence of analyzed factor (different quantities of cricket flour) on dough parameters

Dough parameters F p

pH 34.741 .0001
TTA, °N 119.486 .0001
L* 1.193 .372
a* 47.363 .0001
b* 29.770 .0001

Note: Data expressed as mean values (n = 3) + standard deviation (SD). The influence of analyzed factor (different quantities of cricket flour) on
dough parameters is significant when p <.05. The control dough was produced without edible cricket flour; Cr-5%, Cr-10%, and Cr-15%—dough was
produced with 5%, 10%, and 15%, respectively, edible cricket flour. * “Mean values within a row with different letters are significantly different

(p <.05).

Abbreviations: L* lightness; a* redness or —a* greenness; b* yellowness or —-b* blueness; NBS, National Bureau of Standards units.
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Comparing dough color characteristics, the addition of edible
cricket flour increased dough redness (a*) and yellowness (b*) coor-
dinates (on average, by 74.5% and 9.77%, respectively, in compari-
son with control doughs), and the doughs prepared with 10% edible
cricket flour had the highest a* and b* (3.33 and 24.8 NBS, respec-
tively). Also, doughs prepared with 10% edible cricket flour had the
lowest lightness (L*; on average, 2.2% lower than in control doughs
and doughs prepared with 5% and 15% edible cricket flour).

Very strong negative correlations were found between the
dough acidity parameters (pH and TTA) and a* and b* color char-
acteristics (between pH and TTA and a*: r = -.8920, p = .0001; and
r = -.8110, p = .001, respectively; and between pH and TTA and
b*: r = -.8500, p = .0001; and r = -.8490, p = .0001, respectively).
However, the correlations between dough acidity parameters and L*
were not significant. The influence of the analyzed factor (different
quantities of edible cricket flour) on dough pH, TTA, and a* and b*
color characteristics was significant (p = .0001); however, the quan-
tity of edible cricket flour incorporated was not a significant factor

in dough L* color coordinate (Table 1).

3.2 | Influence of edible cricket flour on wheat

bread specific volume, porosity, shape coefficient,
mass loss after baking, and crust and crumb color

characteristics

The main quality characteristics of WB, prepared without and with
the different quantities of edible cricket flour (specific volume, po-
rosity, shape coefficient, mass loss after baking, and crust and crumb
color characteristics), are given in Table 2. Comparing bread's spe-
cific volume and porosity, the addition of 5% edible cricket flour did
not have a significant effect on bread's specific volume in compari-
son with slices of control bread but slices of bread with 5% edible
cricket flour had 7.87% higher porosity than the control. However,
the addition of 10% and 15% edible cricket flour to the main bread
formula reduced bread's specific volume and porosity (on average,
by 6.00% and 13.0%, respectively, compared to slices of control
bread). Cappelli et al. (2020) reported that bread volume decreases
as the percentage of cricket substitution increases. These changes
can be related to the dilution of gluten and a weakening of its net-
work, which leads to a lower gas retention capacity and causes in-
ferior rheological performance of the dough (DeFloor et al., 1993;
Gonzélez et al., 2019). However, adding 5% edible cricket flour did
not have a significant effect on the bread's specific volume and po-
rosity; this can be explained by the cricket flour being a good source
of additional amino acids for yeast growth. The results for bread
crust color coordinates confirm this explanation because the crust
of bread slices with 5% edible cricket flour showed similar color
characteristics to slices of control bread. This can be explained
by the fact that the additional amino acids from cricket flour were
not involved in the Maillard reaction but were consumed by yeasts
during dough fermentation. Also, a strong positive correlation was
found between bread's specific volume and porosity (r = .780,

p = .003); strong and moderate positive correlations were estab-
lished between bread's specific volume and porosity and bread mass
loss after baking (r = .631, p = .028 and r = .576, p = .050, respec-
tively). These findings can be explained by more intensive water mi-
gration during the baking process from bread that is more porous
and has a higher specific volume, which leads to loaves with a lower
mass. Bread samples containing edible cricket flour had a higher
shape coefficient in comparison with control bread samples, the
highest being found in slices of bread with 5% edible cricket flour
(2.83). The analyzed factor (different quantities of cricket flour) had
a significant influence on WB specific volume (p = .030), porosity
(p =.0001), shape coefficient (p =.0001), and mass loss after baking
(p =.023; Table 2).

Comparing bread crust color coordinates, no significant differ-
ences in L* and a* color characteristics were established between
the control bread samples and slices of bread prepared with 5%
edible cricket flour (on average, L* coordinates 50.2 NBS and a*
coordinates 9.94 NBS). However, the highest b* coordinate was
found in slices of bread prepared with 15% edible cricket flour (on
average, 12.9% higher than in control bread and bread with 10%
edible cricket flour, and 36.6% higher than in bread with 5% edible
cricket flour). Comparing bread crumb color coordinates, the ad-
dition of edible cricket flour reduced bread crumb L* (on average,
4.86% lower than in the control for slices of bread prepared with
5% edible cricket flour, 7.66% lower with 10%, and 16.6% lower
with 15%). The lowest a* and b* coordinates were found for the
crumb of bread samples with 5% edible cricket flour; no significant
differences in crumb b* coordinates were found between control
bread and bread samples with 5% edible cricket flour. The analyzed
factor (different quantities of cricket flour) had a significant influ-
ence (p<.05) on all the analyzed bread crust and crumb color co-
ordinates (Table 2). Also, a strong negative correlation was found
between bread dough pH and bread crust a* (r = -.754, p = .005).
Dough TTA showed strong positive correlations with bread crust
a* and crumb L* color coordinates (r = .596, p = .041 and r = .660,
p = .019, respectively), as well as a very strong negative correla-
tion with bread crumb b* color coordinate (r = -.795, p = .002).
Moderate and strong negative correlations were found between
bread's specific volume and bread crust L* and b* color coordi-
nates (r = -.586, p = .045 and r = .702, p = .011, respectively),
and a strong positive correlation was established with bread crust
a* color coordinate (r = .744, p = .006). Very strong correlations
were found between bread porosity and all the evaluated crust
and crumb color coordinates: negative correlations with crust L*
and b*, as well as crumb a* and b* (r = -0.836, p =.001; r = -.900,
p = .0001, r = -.854, p = .0001; r = -.608, p = .036, respec-
tively), and positive correlations with crust a*, as well as crumb L*
(r=.856,p =.0001; r =.803, p =.002). These correlations could
be associated with a higher degree of water migration during the
baking process, as well as more intensive Maillard reactions in the
bread with higher specific volume and porosity.

Edible insects are a good source of proteins and essential
amino acids (Belluco et al., 2013; Osimani et al., 2018). However,
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TABLE 2 Bread specific volume, porosity, shape coefficient, mass loss after baking, color characteristics of the bread crust and crumb,

and bread crumb images

Mass loss after

Bread samples Specific volume, cm® g™t Porosity, % Shape coefficient baking, %
Control 2.12 +0.08° 62.3£1.5° 1.89 +0.10° 14.7 £3.7°
Cr-5% 2.52 +0.33° 67.2 +1.2 2.83 +0.06° 15.5 +0.8°¢
Cr-10% 2.00 +0.35° 57.8 +0.1° 2.25+0.02° 9.50 +0.2°
Cr-15% 2.00 +0.12° 52.5+1.7° 2.52 +0.12° 12.9 £0.9°
Crust Crumb
Bread samples L* a* b* L* a* b*
Control 52.8 +3.4° 9.87 +0.33° 25.4 +0.4° 679 +0.9¢ 4.21+0.12° 20.6 +0.3°
Cr-5% 47.5 +0.8° 10.0 +0.21° 18.7 +0.1° 64.6 £0.5° 3.61 +0.25° 23.8+2.1°
Cr-10% 57.4 +2.4° 8.55 +0.27° 26.0+1.8° 62.7 +0.6° 4.32+0.07° 26.5+0.3°
Cr-15% 59.2 +1.3¢ 8.73+0.12° 29.5 +£0.4° 56.6 +1.2° 6.01 +0.37° 27.5+0.7°
Influence of analyzed factor (different quantities of cricket flour) on bread parameters
Bread parameters F p
Specific volume, cm® g™ 5.050 .030
Porosity, % 71.751 .0001
Shape coefficient 67.447 .0001
Mass loss after baking, % 5.615 .023
Crust L 16.710 .001
a* 28.326 .0001
b* 68.415 .0001
Crumb L* 94.559 .0001
a* 58.218 .0001
b* 22.567 .0001

Bread crumb images

Cr-10%

Cr-15%

Note: Data expressed as mean values (n = 3) +standard deviation (SD). The influence of analyzed factor (different quantities of cricket flour) on bread
parameters is significant when p <.05. Control—bread prepared without edible cricket flour; Cr-5%, Cr-10%, and Cr-15%—bread samples prepared
with 5%, 10%, and 15%, respectively, edible cricket flour. a-dMean values within a row with different letters are significantly different (p <.05).

Abbreviations: L* lightness; a* redness or —a* greenness; b* yellowness or -b* blueness; NBS—National Bureau of Standards units.

the addition of edible cricket flour to the main WB formulation led
to changes in the crust color, which could be related to a higher
intensity of the Maillard reaction; the latter is associated with the

formation of aroma and color compounds, as well as with a higher
concentration of acrylamide in the end product. The aspartic
acid +asparagine content in cricket flour can be 7.52% (Osimani
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et al., 2018), and the latter amino acid is the main precursor for
acrylamide formation. Also, it has been reported that the presence
of lipids affects Maillard reaction intensity (Wang et al., 2019). From
this point of view, further analysis should be performed with the
aim to evaluate acrylamide formation in bread enriched with more
than 5% edible cricket flour.

3.3 | Sensory characteristics, overall acceptability, and
emotions induced for consumers of bread prepared with
different quantities of edible cricket flour

The sensory characteristic (color, odor, flavor, and texture) profiles
of bread prepared with different quantities of edible cricket flour
are shown in Figure 2a,b (Figure 2a—color, odor, and flavor char-
acteristics; Figure 2b—texture characteristics). Sensory evaluation
showed that the bread samples containing edible cricket flour had
a significantly more intense color in comparison with control bread
samples (Figure 2a). Additive odor was detected in slices of bread
with 10% and 15% edible cricket flour; these slices of bread also
had a higher overall flavor intensity. No significant differences be-
tween the bread's flavor were established; however, intense addi-
tive flavor was detected in slices of bread with 10% and 15% edible
cricket flour. Also, slices of bread with 10% and 15% edible cricket
flour showed a higher intensity of acidity and bitterness flavors, in
comparison with control bread and slices of bread with 5% edible
cricket flour (Figure 2a). Comparing the bread's texture sensory
characteristics, no significant differences were found between the
tested bread groups (Figure 2b). Bread overall acceptability and
emotions induced for judges are given in Table 3. No significant
differences were established between the overall acceptability of

bread samples; however, some differences were found between the

(a) 150

Additive flavour Additive odour

Bread flavour Flavour intensity

——Control -=Cr-5% —+Cr-10% —+Cr-15%

Bread odour

emotions induced for judges. A significantly higher intensity of the
emotions “happy” and “sad” was expressed for slices of bread with
15% edible cricket flour (74.1% and 53.1% higher, respectively, in
comparison with control bread and bread samples with 5% and 10%
edible cricket flour). Also, control bread samples induced the high-
est intensity of the emotions “angry,” “surprised” (similar to slices
of bread with 10% edible cricket flour), and “disgusted” (similar to
slices of bread with 15% edible cricket flour). Very strong positive
correlations were found between overall acceptability of the bread
and the emotions “neutral” and “contempt” (r = .906, p = .0001
and r = .816, p = .001, respectively). Also, a very strong positive
correlation was found between valence and overall acceptability
(r = .808, p = .001). The analyzed factor (different quantities of
cricket flour) had a significant influence on the induced emotions
“happy” (p = .005), “sad” (p = .014), “surprised” (p = .005), and “dis-
gusted” (p = .026; Table 3). Various food can induce various emo-
tions, as well as changing emotional states (Godard et al., 2016;
Macht & Dettmer, 2006). The emotions “happy” and “surprised” are
more often associated with sweet foods than with salty, sour, or
bitter ones, and a bitter taste is associated with the emotion “dis-
gusted” (Macht & Mueller, 2007; Pandolfi et al., 2016; Rousmans
et al., 2000). However, new, unusual, nontraditional ingredients can
induce different emotions. Despite it being reported that bread is
associated with a neutral emotional status (Pandolfi et al., 2016),
new ingredients can increase other emotions. In this study, the
emotion “happy” was expressed more intensely for bread contain-
ing edible cricket flour. This could be associated with the new ex-
perience of testing a future protein source, unusual for northeast
European countries. Also, the judges were informed about the new
ingredient, which could be associated with sustainable agriculture
as well as with progress in reducing the problems associated with

climate change.

(b)

Moisture Brittleness

Hardness

Springiness

——Control -=Cr-5% —+Cr-10% —~Cr-15%

FIGURE 2 Sensory characteristic profiles (a—color, odor, and flavor characteristics; b—texture characteristics) of wheat bread prepared
with and without edible cricket flour (control—bread prepared without edible cricket flour; Cr-5%, Cr-10%, Cr-15%—bread prepared with 5%,
10%, and 15% edible cricket flour, respectively).
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3.4 | Volatile compound profile of bread prepared
with different quantities of edible cricket flour and its
correlation with overall acceptability and emotions
induced for judges

The VC profile of WB prepared with different quantities of edible
cricket flour and its correlation with overall acceptability and emo-
tions induced for judges are given in Table 4. Analyzing the profile
of VC, it was established that ethanol; 1-butanol and 3-methyl;
1-hexanol; estragole; and hexanoic acid are the main compounds in
the WB (>5% of the total VC). Comparing the percentage of these
compounds in WB samples, it was found that by increasing the con-
centration of edible cricket flour in the main bread formula, hexanoic
acid was increased; however, opposite tendencies were established
for estragole: in slices of bread with edible cricket flour, the estragole
content was, on average, 4.3 times lower.

Similar tendencies were found for 1-butanol, 3-methyl-, and
1-hexanol: on increasing the percentage of edible cricket flour,
the concentration of 1-butanol, 3-methyl, and 1-hexanol was re-
duced. However, the highest concentration of ethanol was estab-
lished in slices of bread with 5% edible cricket flour (15.5% of the
whole VC). Also, strong negative correlations were found between
1-butanol and 1-hexanol and the emotion “happy” induced for
judges (r=-.664,p=.0185and r =.6700, p =.0171, respectively).
In contrast to the above-mentioned findings, a strong positive cor-
relation was established between the emotion “happy” and hexa-
noic acid (r = .7330, p = .0067). Ethanol odor is characterized as
vinous; 1-butanol odor is described as fusel, oily, sweet, balsamic,
and whiskey; 3-methyl odor as fusel, alcoholic, pungent, etherical,
cognac, fruity, banana, and molasses; 1-hexanol odor as pungent,
ethereal, fusel oil, fruity and alcoholic, and sweet with a green top
note; estragole odor as sweet, phenolic, anise, harsh, spice, green,
herbal, and minty; and hexanoic acid odor as cheesy, fruity, phe-
nolic, fatty, and goaty.

Despite the fact that some compounds were found in smaller
amounts in the bread VC profile, they showed a significant cor-
relation (positive and/or negative) with the emotion “happy” ex-
pressed in the faces of judges. Strong negative correlations were
found between emotion “happy” and hexanal (r = -.6510, p = .0219),
pyrazine <2-ethyl-> (r =-.5910, p = .0431), 2-nonenal, (E)-
(r=-.7770, p = .0029), 3,5-octadien-2-one (r = -.6050, p = .0370),
3-furanmethanol (r = -.6540, p = .0211), and guaiacol <4-vinyl->
(r=-.7130, p =.0092). The content of most of the above-mentioned
VC was lower in slices of bread prepared with edible cricket flour, in
comparison with control bread samples (except 3,5-octadien-2-one
and guaiacol <4-vinyl->, the content of which was similar in control
bread and samples prepared with 5% edible cricket flour). Hexanal
odor is characterized as fresh, green, fatty, aldehydic, grass, leafy,
fruity, and sweaty; pyrazine<2-ethyl-> odor is described as peanut
butter, musty, nutty, woody, and roasted cocoa; 2-nonenal, (E)- odor
as fatty, green, cucumber, aldehydic, and citrus; 3,5-octadien-2-one

odor as fruity, fatty, and mushroom; 3-furanmethanol is described as

a bready-type odor; and guaiacol <4-vinyl-> odor is associated with
dry, woody, fresh, amber, cedar, roasted, and peanut.

Positive correlations were found between the emotion “happy”
and benzaldehyde (r = .7810, p = .0027), pentanoic acid (r = .8410,
p = .0006), dec-(4Z)-en-1-ol (r = .8520, p = .0004), 1H-pyrrole,
1-(2-furanylmethyl) (r = .7490, p = .0051), and heptanoic acid
(r = .8460, p = .0005), ethanol, 2-phenoxy- (r = .5990, p = .0395),
and nonanoic acid (r = .9740, p = .0001). Comparing the above-
mentioned VC in bread samples, the lowest content of benzaldehyde
was found in control bread samples (0.990% of the total VC), and
on increasing the edible cricket flour content in the main bread for-
mula, benzaldehyde was increased. A similar pentanoic acid content
was established in control bread and bread prepared with 5% edible
cricket flour (on average, 0.762% of the total VC); however, on in-
creasing the edible cricket flour content in the main bread formula,
pentanoic acid was increased. The 1H-pyrrole, 1-(2-furanylmethyl)
content in control bread and bread samples with 10% and 15% ed-
ible cricket flour was similar, and the lowest content of 1H-pyrrole,
1-(2-furanylmethyl) was found in bread samples prepared with 5%
edible cricket flour. The highest heptanoic acid content was estab-
lished in slices of bread with 10% and 15% edible cricket flour (on
average, 1.11% of the total VC), and the highest nonanoic acid con-
tent was found in bread samples prepared with 15% edible cricket
flour (0.829% of the total VC). Benzaldehyde odor is described as
strong, sharp, sweet, bitter, almond, and cherry; pentanoic acid odor
as acidic and sharp, cheese-like, sour milky, tobacco, with fruity nu-
ances; dec-(4Z)-en-1-ol odor as waxy, fatty, and fruity; 1H-pyrrole,
1-(2-furanylmethyl) odor is associated with plastic, green, waxy,
fruity, coffee, and vegetable; heptanoic acid odor as cheesy, waxy,
sweaty, fermented, pineapple, and fruity; ethanol, 2-phenoxy odor
is described as mild, rose, balsam, and cinnamyl; and nonanoic acid
odor as waxy, dirty, and cheesy with a cultured dairy nuance.

Bread aroma is one of the first quality parameters perceived by
consumers and a most important characteristic of product accep-
tance. However, sensory analysis methods are limited by human
perception (Hansen & Schieberle, 2005; Pico et al., 2016). Our ex-
periment showed that despite the results of overall acceptability
of bread not being correlated with the VC profile, significant cor-
relations were established with the emotion “happy” and separate
VC. More than 540 VC can be formed in bread but only a relatively
small number of those contribute to desirable aroma properties
(Cho & Peterson, 2010; Pico et al., 2016). Bread VC profile is re-
lated to formula ingredients, enzymatic reactions (during fermen-
tation processes), and thermal reactions (during baking; Kirchhoff
& Schieberle, 2001). Our study showed that the analyzed factor
(different quantities of edible cricket flour) had a significant ef-
fect (p< .05) on most of the VC identified in bread (except 2[3H]-
furanone and dihydro-5-pentyl). Finally, our study is in agreement
with previous findings that VC formation is related to many factors,
and despite the overall acceptability of the different slices of bread
being similar, different VC could be related to the emotions induced

for consumers.
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4 | CONCLUSIONS

The influence of edible cricket flour on dough and bread pa-
rameters varies and, in most cases, is related to the quantity of
additives. Edible cricket flour reduces dough pH, redness, and yel-
lowness. However, 5% edible cricket flour increases the porosity
of bread by 7.87%. Sensory analysis showed that the edible cricket
flour led to a more intense bread color and additive odor. Also,
slices of bread with 10% and 15% edible cricket flour showed a
higher intensity of overall, additives, acidity, and bitterness fla-
vors. However, all bread samples showed similar overall accept-
ability and no correlations were found between bread overall
acceptability and VC. However, a higher intensity of the emotions
“happy” and “sad” was expressed for bread samples prepared with
15% insect flour, and significant correlations were established
between the emotion “happy” and separate VC. Finally, 5% ed-
ible cricket flour could be incorporated into the main WB formula
without a negative impact on bread quality. Also, edible cricket
flour influences the formation of VC, and separate VC could be

related to emotions induced for consumers.

ACKNOWLEDGMENTS
The authors gratefully acknowledge Bugsandus Ltd. (Vilnius,
Lithuania) for providing edible cricket flour for scientific purposes.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT
The data are available from the corresponding author, upon reason-

able request.

ORCID

Egle Zokaityte ") https://orcid.org/0000-0001-8081-4482

REFERENCES

AACC. (2003). Guidelines for measurement of volume by rapeseed displace-
ment. AACC approved methods of analysis, 11th edition—AACC
method 10-05.01. Retrieved September 3, 2021, from http://
methods.aaccnet.org/summaries/10-05-01.aspx

Bartkiene, E., Jomantaite, |., Mockus, E., Ruibys, R., Baltusnikiene, A.,
Santini, A., & Zokaityte, E. (2021a). The contribution of extruded
and fermented wheat bran to the quality parameters of wheat
bread, including the profile of volatile compounds and their re-
lationship with emotions induced for consumers. Foods, (Grain),
10(10), 2501.

Bartkiene, E., Mockus, E., Mozuriene, E., Klementaviciute, J.,
Monstaviciute, E., Starkute, V., Zavistanaviciute, P., Zokaityte,
E., Cernauskas, D., & Klupsaite, D. (2021b). The evaluation of
dark chocolate-elicited emotions and their relation with Physico
chemical attributes of chocolate. Food, 10(3), 642. https://doi.
org/10.3390/foods10030642

Belluco, S., Losasso, C., Maggioletti, M., Alonzi, C. C., Paoletti, M. G., & Ricci,
A. (2013). Edible insects in a food safety and nutritional perspective:
A critical review. Comprehensive Reviews in Food Science and Food
Safety, 12(3), 296-313. https://doi.org/10.1111/1541-4337.12014

Caparros Megido, R., Gierts, C., Blecker, C., Brostaux, Y., Haubruge,
E., Alabi, T., & Francis, F. (2016). Consumer acceptance of insect-
based alternative meat products in Western countries. Food Quality
and Preference, 52, 237-243. https://doi.org/10.1016/j.foodq
ual.2016.05.004

Cappelli, A., Oliva, N., Bonaccorsi, G., Lorini, C., & Cini, E. (2020).
Assessment of the rheological properties and bread characteris-
tics obtained by innovative protein sources (Cicer arietinum, Acheta
domesticus, Tenebrio molitor): Novel food or potential improvers
for wheat flour? LWT, 118, 108867. https://doi.org/10.1016/j.
Iwt.2019.108867

Chinma, C. E., Azeez, S. O., Sulayman, H. T., Alhassan, K., Alozie, S. N.,
Gbadamosi, H. D., Danbaba, N., Oboh, H. A., Anuonye, J. C,, &
Adebo, O. A. (2020). Evaluation of fermented African yam bean
flour composition and influence of substitution levels on properties
of wheat bread. Journal of Food Science, 85(12), 4281-4289. https://
doi.org/10.1111/1750-3841.15527

Cho, I. H., & Peterson, D. G. (2010). Chemistry of bread aroma: A re-
view. Food Science and Biotechnology, 19(3), 575-582. https://doi.
org/10.1007/s10068-010-0081-3

De Smet, J.,, Lenaerts, S., Borremans, A., Scholliers, J., Van Der Borght,
M., & Van Campenhout, L. (2019). Stability assessment and labo-
ratory scale fermentation of pastes produced on a pilot scale from
mealworms (Tenebrio molitor). LWT, 102, 113-121. https://doi.
org/10.1016/j.lwt.2018.12.017

DeFloor, I., Nys, M., & Delcour, J. A. (1993). Wheat starch, cassava starch,
and cassava flour impairment of the breadmaking potential of wheat
flour. Cereal Chemistry (USA). Retrieved from. https://scholar.goo-
gle.com/scholar_lookup?title=Wheat+starch%2C+cassava-+starc
h%2C+and+cassava+flour+impairment+of+the+breadmakin
g+potential+of+wheat+flour&author=DeFloor%2C+1.&publi
cation_year=1993

Godard, O., Baudouin, J.-Y., Schaal, B., & Durand, K. (2016). Affective
matching of odors and facial expressions in infants: Shifting pat-
terns between 3 and 7 months. Developmental Science, 19(1), 155-
163. https://doi.org/10.1111/desc.12292

Gonzalez, C. M., Garzon, R., & Rosell, C. (2019). Insects as ingre-
dients for bakery goods. A comparison study of H. illucens,
A. domestica and T. molitor flours. Innovative Food Science &
Emerging Technologies, 51, 205-210. https://doi.org/10.1016/J.
IFSET.2018.03.021

Hansen, A., & Schieberle, P. (2005). Generation of aroma compounds
during sourdough fermentation: Applied and fundamental as-
pects. Trends in Food Science & Technology, 16(1), 85-94. https://doi.
org/10.1016/j.tifs.2004.03.007

I1SO. (2012). ISO 8586:2012 Sensory analysis—General guidelines for the
selection, training and monitoring of selected assessors and expert
sensory assessors. Retrieved October 15, 2021, from ISO website:
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/
data/standard/04/53/45352.html

Kirchhoff, E., & Schieberle, P. (2001). Determination of key aroma com-
pounds in the crumb of a three-stage sourdough rye bread by stable
isotope dilution assays and sensory studies. Journal of Agricultural and
Food Chemistry, 49(9), 4304-4311. https://doi.org/10.1021/jf010376b

LST. (1996). Bread and bread products. Porosity (LST 1442:(1996)).
Standards Board (LST).

Macht, M., & Dettmer, D. (2006). Everyday mood and emotions after eat-
ing a chocolate bar or an apple. Appetite, 46(3), 332-336. https://
doi.org/10.1016/j.appet.2006.01.014

Macht, M., & Mueller, J. (2007). Immediate effects of chocolate on exper-
imentally induced mood states. Appetite, 49(3), 667-674. https://
doi.org/10.1016/j.appet.2007.05.004

McGuire, R. G. (1992). Reporting of objective color measurements.
HortScience, 27(12), 1254-1255. https://doi.org/10.21273/HORTS
Cl.27.12.1254


https://orcid.org/0000-0001-8081-4482
https://orcid.org/0000-0001-8081-4482
http://methods.aaccnet.org/summaries/10-05-01.aspx
http://methods.aaccnet.org/summaries/10-05-01.aspx
https://doi.org/10.3390/foods10030642
https://doi.org/10.3390/foods10030642
https://doi.org/10.1111/1541-4337.12014
https://doi.org/10.1016/j.foodqual.2016.05.004
https://doi.org/10.1016/j.foodqual.2016.05.004
https://doi.org/10.1016/j.lwt.2019.108867
https://doi.org/10.1016/j.lwt.2019.108867
https://doi.org/10.1111/1750-3841.15527
https://doi.org/10.1111/1750-3841.15527
https://doi.org/10.1007/s10068-010-0081-3
https://doi.org/10.1007/s10068-010-0081-3
https://doi.org/10.1016/j.lwt.2018.12.017
https://doi.org/10.1016/j.lwt.2018.12.017
https://scholar.google.com/scholar_lookup?title=Wheat%2Bstarch%2C%2Bcassava%2Bstarch%2C%2Band%2Bcassava%2Bflour%2Bimpairment%2Bof%2Bthe%2Bbreadmaking%2Bpotential%2Bof%2Bwheat%2Bflour&author=DeFloor%2C%2BI.&publication_year=1993
https://scholar.google.com/scholar_lookup?title=Wheat%2Bstarch%2C%2Bcassava%2Bstarch%2C%2Band%2Bcassava%2Bflour%2Bimpairment%2Bof%2Bthe%2Bbreadmaking%2Bpotential%2Bof%2Bwheat%2Bflour&author=DeFloor%2C%2BI.&publication_year=1993
https://scholar.google.com/scholar_lookup?title=Wheat%2Bstarch%2C%2Bcassava%2Bstarch%2C%2Band%2Bcassava%2Bflour%2Bimpairment%2Bof%2Bthe%2Bbreadmaking%2Bpotential%2Bof%2Bwheat%2Bflour&author=DeFloor%2C%2BI.&publication_year=1993
https://scholar.google.com/scholar_lookup?title=Wheat%2Bstarch%2C%2Bcassava%2Bstarch%2C%2Band%2Bcassava%2Bflour%2Bimpairment%2Bof%2Bthe%2Bbreadmaking%2Bpotential%2Bof%2Bwheat%2Bflour&author=DeFloor%2C%2BI.&publication_year=1993
https://scholar.google.com/scholar_lookup?title=Wheat%2Bstarch%2C%2Bcassava%2Bstarch%2C%2Band%2Bcassava%2Bflour%2Bimpairment%2Bof%2Bthe%2Bbreadmaking%2Bpotential%2Bof%2Bwheat%2Bflour&author=DeFloor%2C%2BI.&publication_year=1993
https://doi.org/10.1111/desc.12292
https://doi.org/10.1016/J.IFSET.2018.03.021
https://doi.org/10.1016/J.IFSET.2018.03.021
https://doi.org/10.1016/j.tifs.2004.03.007
https://doi.org/10.1016/j.tifs.2004.03.007
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/04/53/45352.html
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/04/53/45352.html
https://doi.org/10.1021/jf010376b
https://doi.org/10.1016/j.appet.2006.01.014
https://doi.org/10.1016/j.appet.2006.01.014
https://doi.org/10.1016/j.appet.2007.05.004
https://doi.org/10.1016/j.appet.2007.05.004
https://doi.org/10.21273/HORTSCI.27.12.1254
https://doi.org/10.21273/HORTSCI.27.12.1254

BARTKIENE ET AL.

4330
—I—WI LEY-

Osimani, A., Milanovi¢, V., Cardinali, F., Roncolini, A., Garofalo, C.,
Clementi, F., Pasquini, M., Mozzon, M., Foligni, R., Raffaelli,
N., Zamporlini, F., & Aquilanti, L. (2018). Bread enriched with
cricket powder (Acheta domesticus): A technological, microbi-
ological and nutritional evaluation. Innovative Food Science &
Emerging Technologies, 48, 150-163. https://doi.org/10.1016/j.
ifset.2018.06.007

Pandolfi, E., Sacripante, R., & Cardini, F. (2016). Food-induced emo-
tional resonance improves emotion recognition. PLoS ONE, 11(12),
e0167462. https://doi.org/10.1371/journal.pone.0167462

Pico, J., Gémez, M., Bernal, J., & Bernal, J. L. (2016). Analytical
methods for volatile compounds in wheat bread. Journal of
Chromatography. A, 1428, 55-71. https://doi.org/10.1016/j.chro
ma.2015.09.045

Regulation (EU). (2015). Regulation (EU) 2015/2283 of the European
Parliament and of the council on novel foods, amending regulation
(EU) no. 1169/2011 of the European Parliament and of the council
and repealing regulation (EC) no. 258/97 of the European Parliament
and of the Council and Commission Regulation (EC) No. 1852/2001.
Retrieved October 15, 2021, from https://www.ecolex.org/detai
Is/legislation/regulation-eu-20152283-of-the-european-parli
ament-and-of-the-council-on-novel-foods-amending-regulation
-eu-no-11692011-of-the-european-parliament-and-of-the-counc
il-and-repealing-regulation-ec-no-25897-of-the-european-
parliament-and-of-the-council-and-commission-regulation
-ec-n0-18522001-lex-faoc151053/

Rousmans, S., Robin, O., Dittmar, A., & Vernet-Maury, E. (2000).
Autonomic nervous system responses associated with primary
tastes. Chemical Senses, 25(6), 709-718. https://doi.org/10.1093/
chemse/25.6.709

Scholliers, J., Steen, L., Glorieux, S., Van de Walle, D., Dewettinck, K., &
Fraeye, I. (2019). The effect of temperature on structure formation
in three insect batters. Food Research International, 122, 411-418.
https://doi.org/10.1016/j.foodres.2019.04.033

United Nations. (2015). The world population prospects: 2015 revision
[report]. United Nations. Retrieved from United Nations website
https://www.un.org/en/development/desa/publications/world
-population-prospects-2015-revision.html

van Huis, A., Itterbeeck, J. V., Klunder, H., Mertens, E., Halloran, A., Muir,
G., & Vantomme, P. (2013). Edible insects: Future prospects for food
and feed security. Food and Agriculture Organization of the United
Nations. Retrieved from. https://research.wur.nl/en/publications/
edible-insects-future-prospects-for-food-and-feed-security

Vatankhah, M., Garavand, F., Mohammadi, B., & Elhamirad, A. (2017).
Quality attributes of reduced-sugar Iranian traditional sweet
bread containing stevioside. Journal of Food Measurement and
Characterization, 11(3), 1233-1239. https://doi.org/10.1007/s1169
4-017-9500-y

Wang, Y., Hu, H., McClements, D. J., Nie, S., Shen, M., Li, C., Huang,
Y., Zhong, Y., Chen, J., Zeng, M., & Xie, M. (2019). PH and
lipid unsaturation impact the formation of acrylamide and
5-hydroxymethylfurfural in model system at frying temperature.
Food Research International (Ottawa, Ont.), 123, 403-413. https://
doi.org/10.1016/j.foodres.2019.05.001

How to cite this article: Bartkiene, E., Starkute, V.,
Katuskevicius, K., Laukyte, N., Fomkinas, M., Vysniauskas, E.,
Kasciukaityte, P., Radvilavicius, E., Rokaite, S., Medonas, D.,
Valantinaviciute, E., Mockus, E., & Zokaityte, E. (2022). The
contribution of edible cricket flour to quality parameters and
sensory characteristics of wheat bread. Food Science &
Nutrition, 10, 4319-4330. https://doi.org/10.1002/fsn3.3024



https://doi.org/10.1016/j.ifset.2018.06.007
https://doi.org/10.1016/j.ifset.2018.06.007
https://doi.org/10.1371/journal.pone.0167462
https://doi.org/10.1016/j.chroma.2015.09.045
https://doi.org/10.1016/j.chroma.2015.09.045
https://www.ecolex.org/details/legislation/regulation-eu-20152283-of-the-european-parliament-and-of-the-council-on-novel-foods-amending-regulation-eu-no-11692011-of-the-european-parliament-and-of-the-council-and-repealing-regulation-ec-no-25897-of-the-european-parliament-and-of-the-council-and-commission-regulation-ec-no-18522001-lex-faoc151053/
https://www.ecolex.org/details/legislation/regulation-eu-20152283-of-the-european-parliament-and-of-the-council-on-novel-foods-amending-regulation-eu-no-11692011-of-the-european-parliament-and-of-the-council-and-repealing-regulation-ec-no-25897-of-the-european-parliament-and-of-the-council-and-commission-regulation-ec-no-18522001-lex-faoc151053/
https://www.ecolex.org/details/legislation/regulation-eu-20152283-of-the-european-parliament-and-of-the-council-on-novel-foods-amending-regulation-eu-no-11692011-of-the-european-parliament-and-of-the-council-and-repealing-regulation-ec-no-25897-of-the-european-parliament-and-of-the-council-and-commission-regulation-ec-no-18522001-lex-faoc151053/
https://www.ecolex.org/details/legislation/regulation-eu-20152283-of-the-european-parliament-and-of-the-council-on-novel-foods-amending-regulation-eu-no-11692011-of-the-european-parliament-and-of-the-council-and-repealing-regulation-ec-no-25897-of-the-european-parliament-and-of-the-council-and-commission-regulation-ec-no-18522001-lex-faoc151053/
https://www.ecolex.org/details/legislation/regulation-eu-20152283-of-the-european-parliament-and-of-the-council-on-novel-foods-amending-regulation-eu-no-11692011-of-the-european-parliament-and-of-the-council-and-repealing-regulation-ec-no-25897-of-the-european-parliament-and-of-the-council-and-commission-regulation-ec-no-18522001-lex-faoc151053/
https://www.ecolex.org/details/legislation/regulation-eu-20152283-of-the-european-parliament-and-of-the-council-on-novel-foods-amending-regulation-eu-no-11692011-of-the-european-parliament-and-of-the-council-and-repealing-regulation-ec-no-25897-of-the-european-parliament-and-of-the-council-and-commission-regulation-ec-no-18522001-lex-faoc151053/
https://www.ecolex.org/details/legislation/regulation-eu-20152283-of-the-european-parliament-and-of-the-council-on-novel-foods-amending-regulation-eu-no-11692011-of-the-european-parliament-and-of-the-council-and-repealing-regulation-ec-no-25897-of-the-european-parliament-and-of-the-council-and-commission-regulation-ec-no-18522001-lex-faoc151053/
https://doi.org/10.1093/chemse/25.6.709
https://doi.org/10.1093/chemse/25.6.709
https://doi.org/10.1016/j.foodres.2019.04.033
https://www.un.org/en/development/desa/publications/world-population-prospects-2015-revision.html
https://www.un.org/en/development/desa/publications/world-population-prospects-2015-revision.html
https://research.wur.nl/en/publications/edible-insects-future-prospects-for-food-and-feed-security
https://research.wur.nl/en/publications/edible-insects-future-prospects-for-food-and-feed-security
https://doi.org/10.1007/s11694-017-9500-y
https://doi.org/10.1007/s11694-017-9500-y
https://doi.org/10.1016/j.foodres.2019.05.001
https://doi.org/10.1016/j.foodres.2019.05.001
https://doi.org/10.1002/fsn3.3024

	The contribution of edible cricket flour to quality parameters and sensory characteristics of wheat bread
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Materials used for bread preparation
	2.2|Bread preparation
	2.3|Evaluation of bread quality parameters
	2.4|Statistical analysis

	3|RESULTS AND DISCUSSION
	3.1|Influence of edible cricket flour on dough acidity parameters, color characteristics, and hardness
	3.2|Influence of edible cricket flour on wheat bread specific volume, porosity, shape coefficient, mass loss after baking, and crust and crumb color characteristics
	3.3|Sensory characteristics, overall acceptability, and emotions induced for consumers of bread prepared with different quantities of edible cricket flour
	3.4|Volatile compound profile of bread prepared with different quantities of edible cricket flour and its correlation with overall acceptability and emotions induced for judges

	4|CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


